At the present time cases of severe rickets in infancy are rarely seen, but it was considered that many infants attending hospitals in the city show evidence of mild rickets clinically. In this investigation an attempt has been made to determine the prevalence of rickets among infants under the age of two years, who were attending hospitals in Bristol during the period from September, 1938 , to May, 1941 . Particular emphasis has been laid on the diagnosis of mild rickets during the first six months of the infant's life, as at that stage prophylactic measures would appear to be most useful. This particular age group has been neglected by many investigators and Chisholm in her survey of rickets in Manchester in 1933 reports that no cases were found below the age of seven months, using clinical and radiological criteria for diagnosis.
The clinical diagnosis of rickets is apt to be uncertain in mild cases, and in the youngest infants x-rays of the wrists will fail to show any abnormality, whereas clinical and histological evidence may be demonstrated in the ribs, owing to the later ossification of the radius (Mackay, 1926) . Kay (1930) and other investigators have shown that the plasma phosphatase is increased in rickets, and even when complete healing was shown radiologically, the phosphatase was still above normal limits (Stearns and Warweg, 1933) . Smith (1933) has stated that this test is a much more sensitive index of abnormal bone metabolism than estimations of serum calcium or phosphorus. More recently Morris and coworkers (1937) have attempted to assess the value of this test in the diagnosis of rickets, investigating 506 children in Glasgow. They suggested that a rise in phosphatase might be an earlier manifestation of the rachitic state than that provided by clinical or radiological examination.
In view of these findings it was decided to estimate plasma phosphatase in most of the infants examined and an attempt was made to correlate the results with the clinical evidence. X-rays were only used in a.few cases, and serum phosphorus and calcium estimations were also available in some cases. Histological examination of the ribs post-mortem was carried out on a few cases.
In addition to examination of the patients, an attempt has been made to collect such information as might have some bearing on the development of rickets. This has included details of feeding and vitamin supplements in every case, previous health of the infant, and type of home environment with particular reference to opportunities for exposure to sunlight. In a certain number of cases information was also obtained about the diet and health of the mother during pregnancy and the general economic level of the family which might affect the diet of the mother and the feeding of the child when mixed feeding has been established.
Method
The patients investigated were all children below the age of two years who attended for treatment in the following hospital departments, during the period of the investigation 1. BRISTOL CHILDREN'S HOSPITAL.
OUT-PATIENTS. Cases seen at two medical sessions weekly. IN-PATIENTS. Medical and surgical wards were visited two or three times weekly and all new admissions were examined.
RICKETS IN BRISTOL
The number of cases shows a sharp decline during 1940-41 owing to the closure of the obstetric department at the Infirmary, and the consequent cessation of infant-welfare activities at that hospital. In addition air-raids and evacuation caused a considerable decrease in hospital attendances and admissions during that year.
Clinical examination. In every case the disease or condition for which the child attended hospital was noted and also any special points about the previous health. When possible the weight at birth, and weight on examination was obtained and information as to prematurity or twins. The skull was examined for craniotabes, and, in the older children, for the state of the fontanelle. The costo-chondral junctions were examined in every case. No attempt was made to assess enlargement of the epiphyses in the wrist, but in the older children bowing of the legs and the condition of the teeth were noted.
In analysing the cases, the health of the child was classified in the following groups:
1. Healthy. This included all children attending for routine advice, in whom no evidence of past or present ill-health or abnormality could be detected. 2. Minor ailments. In this group were placed minor surgical conditions such as phimosis, or simple hernia, or mild skin conditions in which there was no effect on the general health of the child, or minor medical ailments such as mild coryza. 3. Moderate. In this group were placed children with feeding problems which did not interfere seriously with general nutrition, or with moderate acute illnesses, e.g. acute bronchitis or tonsillitis. 4. Severe. Children in this group were suffering from severe acute or chronic illness, serious surgical operations, or feeding problems of sufficient severity to interfere with gain in weight. Gain in weight was classified in the following groups:
1. No gain since birth. 2. Less than birth weight. 3. Average gain. This denoted an average weekly increase of weight of 4-6 ounces, during the first six months, at one year approximately three times the birth weight, and during the second year a further gain of 5-6 pounds. 4. 0 to 25 per cent. above average gain. 5. 25 per cent. to 50 per cent. above average gain.
6. 50 per cent. to 100 per cent. above average gain.
7. 0 to 25 per cent. below average gain. 8. 25 per cent. to 50 per cent. below average. 9. More than 50 per cent. below average gain. Clinical examination of the ribs was noted as follows:
1. No beading. 2. Beading plus one. In these cases there is slight enlargement of the costo-chondral junctions. 3. Beading plus two. The enlargement of costochondral junctions is quite definite. 4. Beading plus three. In this group beading is very well marked.
5. Beading plus four, denotes gross beading of the ribs. No cases were included in the clinically positive groups when delayed dentition or late closure of the fontanelle were the only signs of bony abnormality.
Biochemical tests. Plasma phosphatase was estimated by the micro-chemical method of King, Haslewood and Delory (1937) , which is a modification of King and Armstrong's method (1934) , and the results are expressed as units of phosphatase activity; these units correspond to the units of Jenner and Kay (1932) , the normal range being 5-10 units per 100 c.c. of plasma. This estimation was performed on every infant in whom it was possible to obtain 2 c.c. of blood, fontanelle puncture being used in many cases. Cases in which the result has been fifteen or more units of phosphatase have been considered to show evidence of active healing, or recently healed rickets, in the absence of any other bone disease which might also give an increased phosphatase activity.
X-rays. The lower ends of the radius and ulna were x-rayed in a few cases, particularly when blood could not be obtained for phosphatase estimation, and in every case the diagnosis has been that reported by the radiologist.
Information relevant to the etiology of rickets 1. In every case the method of infant feeding was obtained. Length of breast-feeding was recorded in weeks for infants below six months of age, and in months for older children. When artificial feeding with cows' milk has been used, the approximate strength of the milk and water mixture was recorded. Artificial proprietary foods were prepared according to instructions on the tin unless otherwise stated. In the case of older children, the term mixed feeding has been used to imply a diet consisting of cereals, vegetables, bread and butter, some meat, fish or eggs for older children and at least one pint of milk daily. Any variation of this diet has been noted.
2. Records were made of vitamin D dietary supplements, and the quantities given. Unless otherwise stated it may be assumed that these additions had been given for at least three months prior to examination.
3. In a certain number of cases information was available concerning the health and diet of the mother during pregnancy. An average diet denotes one meal dailycontaining meat orfish and vegetables, at least. half a pint of milk daily, and eggs two or three times weekly. A toxaemia diet consisted largely of vegetables, fruit, cereals and bread ; milk was usually restricted to the minimum required in tea; eggs, meat, fish and cheese were not allowed, and in some cases butter was also cut out. In some cases the diet has been described as poor due to economic conditions and not on account of any therapeutic restrictions. A poor diet consisted largely of bread z.nd margarine, very little meat or fish, and less than one egg weekly, and little milk, in some cases sweetened condensed being the only milk used. A very good diet contained a pint or more of milk daily, eggs daily, and two cooked meals daily. (Tout, 1938 Relationship of severity of disease to occurrence of rickets Two hundred and thirty-nine mothers were able 51 per cent. of infants from the mothers who had to give information as to diet during pregnancy. a very good diet showed no evidence of rickets. 46 per cent. of these patients had an average diet, 48 per cent. showed no evidence where the ante-15-5 per cent. had a very good diet, and 12-5 per natal diet was average. 27 This investigation was carried out in one hundred and eighty-six patients. In fifty-seven patients the plasma phosphatase was above 15 units, i.e. 30 6 per cent., and there were also clinical signs of rickets, and in a further five patients there was no clinical evidence but the phosphatase was raised to 15 units or more. In thirty-one cases with clinical evidence of rickets the phosphatase was below 15 units, so that in eighty-eight patients with signs suggestive of rickets, phosphatase was increased in 64-7 per cent.
In the group of patients with mild beading of the ribs as the only clinical sign of rickets, the phosphatase was less than 15 In this age group, ninety-one infants were on liquid feeds only at the time of examination, i.e. 48-4 per cent. Twenty-six infants were on liquids only until nine months old, and two infants were still on liquids only at eleven months. In most cases cereal additions and vegetables and whole cows' milk formed the usual mixed diet. One infant was still on sweetened condensed milk only at eleven months. One hundred and three infants were breast fed for less than three months (54 8 per cent.), sixty-three infants were breast fed longer than three months (33 per cent.). Complementary feeding was not used in any case after three months. 41 per cent. of the infants breast fed for longer than three months showed definite evidence of rickets, and 20-6 per cent. had some clinical evidence with negative phosphatase. Two infants showed no clinical evidence, but phosphatase was increased.
Thirty-nine infants were fed on cows' milk and water mixture, equal parts. Of these, 25 per cent. showed definite evidence of rickets, and there was clinical evidence with low phosphatase in 23 per cent. One case had an increased phosphatase value with no clinical evidence.
Forty infants were fed on cows' milk mixture stronger than equal parts of milk and water. 37*5 per cent. showed positive evidence of rickets, 45 per cent. showed no evidence, 10 per cent. had clinical signs with low phosphatase, and 7-5 per cent. had increased phosphatase with no clinical signs.
Twenty infants were receiving starch preparations added to cows' milk. 20 per cent. of these showed definite evidence of rickets, 30 per cent. showe.d some clinical evidence only. 50 per cent. showed no evidence.
Twenty-nine infants were fed on dried milks, 55 per cent. of these showed no evidence of rickets. 37 9 per cent. showed definite evidence of rickets. 10 3 per cent. showed clinical evidence with negative phosphatase.
Eight infants were fed on sweetened condensed milk. 25 per cent. of these showed no evidence of rickets. 37 5 per cent. showed definite evidence of rickets, and 37 5 per cent. showed clinical signs with normal phosphatase.
Seventy-three infants (38 per cent.) were having some mixed feeding before the age of nine months. Information concerning diet of the mother during pregnancy was available in one hundred and fortynine cases.
In Thirty-five patients were aged nine months, of whom 57 per cent. showed no evidence of rickets.
Twenty-two patients were aged ten months, ofwhom 40 9 per cent. showed no evidence of rickets.
Twenty-nine patients were aged eleven months, of whom 41 per cent. showed no evidence of rickets.
Group III. Age 1-2 years There were two hundred and seventy-four children in this group. A clinical examination was carried out in every case, and phosphatase was estimated in two hundred and sixty-two cases. Post-mortem findings were available in one case. Sixty-eight infants were x-rayed. Calcium and phosphorus. were estimated in five cases. Phosphatase was above 15 units in eighty-three cases (72 per cent.), and in all cases with marked or gross beading and with craniotabes.
In three cases there was no clinical evidence ofrickets and no further investigations were done.
X-ray evidence. Sixty-eight patients were x-rayed. In twenty-two patients there was no clinical or x-Iay evidence of rickets. In fourteen of these cases the phosphatase was also negative.
Six patients had some clinical signs of rickets but the phosphatase was below 15 units and the x-ray showed no definite evidence.
In the other forty patients the x-ray confirmed the clinical diagnosis of rickets and in thirteen cases with negative phosphatase, the appearances were those of healed rickets.
Post-mortem evidence Post-mortem findings were only available in one case which had no clinical or phosphatase evidence of rickets. Plasma phosphatase This investigation was carried out in two hundred and sixty-one patients.
In sixty-nine patients the phosphatase was 15 units or higher, i.e. 26 6 per cent., and there were clinical signs of rickets in every case. In forty-three patients there were clinical signs of rickets but the phosphatase was below 15 units. (16-6 per cent.). In two cases there was no clinical evidence but phosphatase was 15 units or above.
Therefore in the hundred and twelve patients with clinical signs of rickets, phosphatase was increased above 15 units in 61-07 per cent.
In the group of patients with mild beading of the ribs as the only sign of rickets, phosphatase was increased in 33 per cent. In patients with marked or gross beading or craniotabes, phosphatase was increased in every case, and in those cases with definite beading it was increased in 84-6 per cent. of cases.
Analysis of the range of plasma phosphatase results shows that in one hundred and forty-eight patients with no clinical evidence of rickets, the phosphatase was 10 units or less in 79-7 per cent., 10-15 units in 19-6 per cent., and above 15 further group of thirty-one patients showed clinical evidence of rickets but in 61-3 per cent. the phosphatase was below 10 units and in the remainder 10-15 units. Twenty-four patients in this group showed mild beading of the ribs as the only sign, and fourteen of these cases had a phosphatase value below. 10 units. Five patients showed definite beading of the ribs, and three of these had phosphatase below 10 units. Convulsions, no evidence of rickets
Calcium and phosphorus estimations
Blood calcium and phosphorus were estimated in five cases. In four of these patients there were clinical signs of rickets, phosphatase 20 units or more and the calcium phosphorus product was below 40. In one case, the child had convulsions but no clinical evidence of rickets. In this case the calcium and phosphorus were both within normal limits, and the phosphatase was below 10 units. In one hundred and fifty-two infants with no of healed rickets, but phosphatase was negative; evidence of rickets, 73 per cent. had gained weight 75 per cent. of these cases gained weight at an at an average rate. 20-3 per cent. showed a rate average rate, and 25 per cent. below average. of gain below average, and 6-6 per cent. above Thirty-two infants had clinical signs but no other average..
evidence of rickets. 75 per cent. of these infants
In sixty-nine infants with positive clinical signs showed an average rate of gain in weight, and only and phosphatase positive, the rate of gain was one infant gained at a greater than average rate.
average in 65-7 per cent., below average in 28-5 per Two infants with no clinical signs but positive cent. and above average in 5-8 per cent.
phosphatase both showed an average rate of gain in Twelve jatients showed clinical and x-ray evidence weight.
Relationship of severity of disease to occurrence of rickets 6-5 per cent. of the infants showing no evidence of rickets were healthy. 33 7 per cent. were suffering from minor ailments, 44-8 per cent. were moderately ill, and the remainder were seriously ill. There were eleven twin or premature infants, i.e. 7-1 per cent.
11 -6 per cent. of the infants in the group of clinical and phosphatase positive cases were healthy. 21-7 per cent. were minor ailments, 45 per cent. were moderately ill and one of these children was a negro; 26 per cent. were seriously ill. There were six twin or premature infants, i.e. 8-6 per cent.
3-1 per cent. of the group of cases showing clinical signs of rickets only were healthy. 9 3 per cent. had minor ailments, 50 per cent. were moderately ill, and 37-5 per cent. were seriously ill. 9 per cent. were twin or premature infants, one of the cases being a triplet.
In the group of cases showing clinical and x-ray evidence of rickets, there were no healthy infants, and no twin or premature infants. 50 per cent.
of the infants were moderately ill. Three cases with clinical examination only were moderately ill.
Methods of feeding
Three cases had a clinical examination only with no evidence of rickets. One case was breast fed nine months, one case had milk mixture, and one case had cereal additions to milk. All three cases, were on mixed diet from nine months.
Two cases were clinically negative with increased' phosphatase, one had dried milk and the other milk mixture, and adequate vitamen D supplement.
In this age group, all the infants were on some kind of mixed feeds at the time of examination. Twenty-three infants were on a poor mixed diet One hundred and fifty-four infants were breast-fed . Thirty-four infants were fed on dried milks, and less than three months, i.e. 56 per cent. Forty-six twenty showed no evidence of rickets. infants were breast fed from three to six months Seventy infants were fed on sweetened condensed (16-9 per cent.) and seventy infants were completely milk, and eight showed no evidence of rickets. breast fed until weaned to solid foods, i.e. 25 7 per One hundred and twenty-six infants had received cent. 67 per cent. of the completely breast-fed some vitamin D supplement. This was inadequate infants showed no evidence of rickets. 217 per in thirty-nine cases (31 per cent.). 51 per cent. cent. showed increased phosphatase and clinical showed no evidence of rickets when the supplement evidence of rickets. 45 per cent. of the infants was inadequate, and 50-6 per cent. showed no breast fed for three to six months showed no evidence evidence when the supplement was adequate. of rickets.
There was definite clinical evidence in 29 per cent. One hundred and seventeen infants were fed on of this latter group, with positive phosphatase, and cows' milk mixture, and of these 426 per cent. in 15 per cent. with negative phosphatase. Whereas showed no evidence of rickets, and 26 per cent. in the cases who had received an inadequate supplewere definitely positive, while a further 19 per cent. ment there were positive clinical and phosphatase showed some clinical evidence with negative findings in 30 per cent. phosphatase.
Maternal diet during pregnancy The higher incidence of cases with raised phosphatase only in the first age group would appear to be strongly in support of the suggestion that an increase in phosphatase may precede clinical signs of rickets. The increase in number of cases with clinical signs but phosphatase only raised to 10 to 15 units in the 6 to 12 months age group may be due to healing taking place at this age with consequent lowering in phosphatase values.
2. FEEDING. It will be noted that four hundred and fifty-seven infants (i.e. 55-7 per cent.) were weaned before the age of three months Information was available for the youngest group of patients that one hundred and seventy-nine were weaned before the age of six weeks.
The incidence of definite cases of rickets in the infants artificially fed by all means from three months or earlier is 33 per cent., as compared with the figure of 26-4 per cent. for infants wholly or partially breast-fe4.
Analysis of the methods of artificial feeding reveals that three hundred and eighteen infants were fed on cows' milk mixture, in seventy-one cases the quantity of milk was gradually increased from equal parts milk and water, and in five cases the mixture was weaker than equal parts. Thus two hundred and forty-two infants were fed on a milk mixture consisting of equal parts cows' milk and water with added sugar. 31-4 per cent. of infants fed on cows' milk mixture showed definite evidence of rickets.
Fifty-three infants received some cereal addition to cows' milk, and 24 5 per cent. showed definite; evidence of rickets.
One hundred and twenty-two infants received dried milks: 31-9 per cent. of these infants showed definite evidence of rickets. Forty-six infants were fed on sweetened condensed milk, and 30 4 per cent. showed definite evidence of rickets.
From these figures it would appear that the incidence was highest in infants fed on dried milks, but it should be noted that a certain number of cases were infants with feeding problems who had been tried on several methods first. The incidence is significantly lower in breast-fed infants.
Solid feeding was started in two hundred.and one infants below the age of nine months, or 43 per cent. of infants over six months of age. Eleven infants received no solid food till one year or older. The majority of infants who had been weaned at the time of examination were receiving a diet containing RICKETS IN BRISTOL at least one pint of milk daily, vegetables, cereals, bread and butter, and eggs.
Two hundred and forty-two infants were receiving some sort of vitamin D supplement, i.e. 29 per cent. of all infants examined. In ninety-six cases this was less than the minimum adequate amount; in many of the cases it consisted only of a small amount of butter or a proprietary preparation added to feeds. 41 6 per cent. of patients receiving an inadequate supplement showed evidence of rickets, and 42 per cent. of patients receiving an adequate supplement showed evidence of rickets. These findings indicate that added vitamin D in the diet alone will not prevent the development of rickets if other factors are responsible, or that the adequate quantity of vitamin D should be greater than 400 units daily.
3. HEALTH OF THE INFANTS. There were one hundred and thirty-one healthy infants, of whom one hundred and four were in the youngestage group, 40 4 per cent. of these infants showed definite evidence of rickets.
One hundred and thirty-seven infants were suffering from minor ailments, of whom 31-4 per cent. showed definite evidence of rickets.
Two hundred and ninety-seven infants were moderately ill, of whom 29 6 per cent. showed definite evidence of rickets.
Two hundred and forty-five infants were severely ill, of whom 24-9 per cent. showed evidence of rickets.
It will be seen from these figures that the incidence of rickets appears to be in inverse ratio to the degree of severity of illness. This may be partly accounted for by the fact that many of the cases in the severely-ill class were infants with severe marasmus, gastro-enteritis, coeliac disease and other gross disturbances of nutrition which interfered seriously with growth.
4. RATE OF GAIN IN WEIGHT. Cases with no evidence of rickets showed an average rate of gain in 44 6 per cent., 58 per cent. and 73 per cent. in groups I, II and III respectively, and in the three groups 11 -8 per cent., 15 per cent. and 6 6 per cent. were above average.
Cases with definite evidence of rickets showed an average rate of gain in weight in It will be seen that more cases were below average weight than above, and that the incidence of rickets seemed to bear no definite relationship to the rate of gain, except possibly in the oldest children in whom a larger number of cases of rickets were found in the infants who were below average.
INCIDENCE OF TWIN AND PREMATURE INFANTS.
There were sixty-two twin or premature infants, i.e. 7-6 per cent. of all infants examined. 30 6 per cent. of these infants showed definite evidence of rickets, the incidence being 61 per cent. in the group of infants below six months old, so that twin or premature infants would appear to be about twice as liable to develop rickets during the first six months as other infants. 6. ANTENATAL DIET OF THE MOTHER. In each age group there appeared to be a definite relationship of the incidence of rickets to the antenatal diet of the mother. Throughout the series an average of 14 per cent. of mothers had been very well fed during pregnancy, and 63-6 per cent. of their babies showed no evidence of rickets, the lowest incidence being in the six to twelve months age group. 51 per cent. had an average diet and 43 4 per cent. of their infants showed no evidence. 30 6 per cent. of the mothers had a poor diet and 39 per cent. of their infants showed no evidence of rickets.
The maternal diet might be expected to affect the infant for the first six months of life, but this relationship of diet to incidence of rickets is seen in all three age groups and therefore it is probable that the maternal diet forms an index to the general standard of living of the family and it would appear probable that when the mother has a poor diet the infant would also be weaned on to a mainly carbohydrate type of diet.
7. ENVIRONMENT. In each age group the incidence of rickets is lowest in patients who lived in a good or very good environment with regard to accessibility of direct sunlight.
During the first six months of life the incidence of rickets was about 10 per cent. higher in patients who lived in a fair environment, but in the otherage groups there was little difference in the incidence. from the better environments.
The incidence was definitely increased in patients who came from poor or bad homes and this particularly applied to the two older groups of patients.
It may be noted that 9 4 per cent. of all the patients were living in a bad environment, and 20-8 per cent. lived in poor surroundings. 
